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A high speed modem (26) that transmits and receives digital data on an ensemble of carrier frequencies spanning tr 
usable band of a dial-up telephone line (48). The modem includes a system (30, 32, 34, 36, 40, 43, 44) for variably 
allocating data and power among the carriers to compensate for equivalent noise and to maximize the data rate. 
Additionally, systems for eliminating the need for an equalization network, for adaptively allocating control of a 
channel, and for tracking variations in line parameters are disclosed. 
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« £ B 3 4 , ^?l>fl/^-ri^<v773G. fflM«5 6& V5t 
« ^ ^ V ^ — 7 ;i/ /< y 7 t 5 8tr&^ir*i.Tv**. 

.■r-^firS^-rSeJlC. «ffi*7 r A2 6tt, # x A 2 6 ' t 

*s r * . 
$ . 

3 4 t± . JbROJQAMi'yt.^AtJSnT. j?r <3 # 60 
tTyK&*flB5gte«il!ttt«)fc«><0 (xn, y n ) "C 0- h yi/ K :r. > 3 

«- * fci . 4 ^5 6D fc* y b 0> X 6«<Dd*iLi&n&|a^ttfl!)l-3lC^« 

-SH^Ut 4. ( x n , >n) "< 9 f- >l/ tt , .ft X , * # h /I/ y 
77r-y^36tEtti!ftS. SH89lt. 

fc»i&ttCD;fc*t>cD (xn. yn) ^< y h ;U CD x — r * ft & y . 
QAMffi5£^«i!SEttC5^«c^«^-riilfe^&ai3-r7 r i/*# J fUJii/ 





t±. 5t*e-4 o 




(ppt) t a 


Sex is 


y . ( x . y ) 




t m ^ r as f f 


t mn 




f hfl/f-^^tt. S12 




. 0 2 


4 tt © F FT* 


tUfctl , O24C0ffl* 


fit) * €: ^ A, T t> 


£ . & 


F FTjftttC^ 


U. QAM£a:fc3ifoTl 


0 2 4 AS <D & tfi 




y - x x- b & £ 






i/ y - 


X0> 1 . 0 2 4 




;tv ^ (3 i/ y - x 




7 4 2 VL K ffl S 




> X fct » 7 7* n 




9 JU n > y< — 


* 4 3tcJ: »J iT»» 




> f - 


7 x -< * .4 6 t± 


. w -r y * stasia 



4 8 fegtilSgt4J;?i:jaf tMBfs. 

«toTWfi^n, ytD^/TJ/^^V^-J 5 2 t Ip) w ^ K 
4. 7tD{T/f i/j»^3>/< - if 5 2 tt. 7-7-Dy*ift0&-5rt/ 

0 2 4A^jK?rd3vy-Xx-^/i/icgEttu. cnt±. 

a(5i?Bf , J-X;<y 7 7 5 4 tBtt«n« 1 (XMIB5 6H, 1, 

0 2 4 AA^I3i/iJ-Xr-7yi/t 5 1 2A» <xn. yn) O 
hfl/r-/^i:KttL. 56^; ^r-T"^^-; 77 

5 8 i:Rta* ni. r<7>8:»ii- ^rai^y — Xc«^ptfft 

sixt try KojatiKJ-rsttftttt, tta8xi;f';?;i/7-n 

0 t:SCEHaiitt.* 'J. tt-?X, S^^f h ;i/ r - 7 ^ 

^j/ 7 7 5 8lcEttSnfc ( Xt y) t - 7* ^ tt . f V* i» f - 
^*54I86 Otc^ »J aj^f-y t'y b ~> — »>Xi:gEftaiv4c 



t tat* Witf. (xn. yn)"C0h/l'jG ! 4fc*yKO!> 

2^ — ^ > ^ a*>T»-fr * O f h /u^^ 1^ # T — 5» « 

* s> h >< y 7 t 6 2HEtt«iv4. S <3 x — ^ tTy ht/-<rvx 

ffiffit S F F TfiElgffl^ifrRBSH. 1975^N. J. 0> 
~f U 1/ t >< ?\ • rt^ — A* ' ■< is 9 (Prentice-Hall, Inc. . ) tC * *J ffi 
ffi S n =7 fc" -7- (Rabiner) &^ CD r-7 r ;^3' J n/{g-^*i3<03SBa&t* 
JCffl (Theory and Applications of Digital Signal Processim) J 
£K-r$;SCfBtU&'<e»*v-Cv<'a. ±ELfc F FT 

Tc^ta y ±tf 4ttiK^7y.ft©«woA7 a 1 0. 3 <4 > 1 

3-70Atf?)5Al i 7 1 - 3 O tjft^< ^>hfc J; -sc. 

d a £ (C. v<7>ft<5«fl:0^7A 1 2, 5Wi/35-70. 

* 5 A 1 3 . ^-<>l-70at^^5A14. 7 VI - 1 3 t; 
£^£nfctKMi'A^Ai:fttyea-4cfc*»?$ & 

*ftnEat 4i7i:isj5u aaii; ai ^ t» eg m m r 4 . 

(fn) tt. fni:«l7iaSSO& (SfiUfc) y-TXttTJ 



eotffMtc N(f}jj?iigg4n4. 

' £ «> N < f ) fc MJfc L T , JS« 2t tf« ffl * A 2 6 t 2 6 ' * 

JS^^ExAtt*?- ?y#cottJgi://a. Ar y^2i:fcv»T, 
15 3? -T A t* . ifc co « a U/M^T 2 -D<7)Wiii[tt©irff y $> <3 
t4, 



< * > 14 3 7 
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y n) 
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feifcKC. w *, <& CO ffi , 




— K CO « » 
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&*>T ( x n. yn) fiS CD 5 s " 




. - CD Jt 


tz * y 




V FSKttfciSLTCOiiHS 



«^Ufl 62-502932 (a) 

ffi ^ It , * * © t f A t J: 5 JJ^'a & ft ft ^ ^fi a J. ^ ^ >iz 

ttJiifcy-f xet t*^J^T fftss^l.. * sa i£ & « a e 
tfittfifflStft ( S <S L fc. > ./ -< X x ^ ? h;^fia^ffifcsts-j- 

ft. -tltlltt^T. S12C0W&»C0«fflra-Afir t * r y zf 

A»:^)^ri«^feJ: ^u«.»i3&a&^fefe»tc*?Wi> -< 5 vcf, jag 

4i-5i:*tti,t« y. — * * 3? ^ a u; . ftfflfijff^^jwse 

t^oayw^r v ^ t: fi ^ t 2 A|3t? Jft ? hi, 

vrstfc'ivT. 35 ** x A tt . 4fC!>fcli3tafcJ«&fcSta*« 

-C«?»«ffl*lRl ^ 2 t^y h 180' C0*g*J 

ttfcfitfflfcWLfc- 28 d B R ^ fc UT«4S*v6. «S * tt 2j 



28d BR^O.' (Offi^ftttfflOl^tbT^-Kftjhi, 
#*rAtt. ;»©*&5<&L. ^coja&RJttia&tftftfftfi;* 

* ^ - # H«bT6 Ulo^r y^5f«»^E^AtcJ: y « £ 

2^®**HftW*ftc*-»T**«*»A$>tt. 180-COffl 
#««cft«-C3-Kfl:**t. te©±TC0fiSt^tt. o - ce> ffi ** ft * 

cn-r-. 2 o 0 ^ f a rd) t; i£ > ? *£ T * . -fitc. 
3 o o ftva 4 o ottowteUfiE^^aiisttz, u^^^j 2 h 

^(86:lt^U. C*iti •). 2o©^xAIIfll;^600^yK/ 

ge-^t, c^-c. « a a * ^ a co «3sr a . 

Xf 7^BCfii»T, UfStf All. ^feTi^-^Uv^ 



Att. JC4f5BfiAt;«ffi/5ffcoB5*lSj»ci5v^-c*Ha&ftfi£^iclS 

SJlRCOIftflB-ett. m4#-CO^->r>XCO^fMCO^^yy^K«!8S 

^<C0^7 t y^'ti|5J^tct7<c-5Tt,«):vNLft)C0»l^T?5<c 
o T £ . «Atf. JSfiJ - Ki:S^< F F TCDSfit y^X 

53Sem-^t*fSm^tCOf3lc7H ^TOWiAK^7t7 h 
^SatSflJtt. -jHfl)V F«fi«©»STfc4. FFT%SS3S 

^. *?* U i* K * « -e tt . CCOffliEti, ««««CE>X09ft&tfl= 

/u - h ttt tc J: y # 7 y hJSia«i:*;it5s^h-. >?) ^ fflit 
XAici y.^5?<ic/g«fK* 7 -ty hco^^fiSft'. j&j&Stv*. 

U ft « * >*^i:fc^Tf3-.K2lv4. ^ ^ > * yi/ ^ 
Xtt. Sffl<S-^6rS*-t*r. ^ □ t x O ff « 6 ft T 3 ^ 4 . « 

A. tf . *?^C0P3i!fiDa f otCBofflCDfc'y h»'^4 H ^WSC0Sf« 



* . -ttH. ^fgC'>^r-A<7)^f^tl«t y . SrS&XSi h 

i7-JH*^sjn4, y -rxu^cji/Noat^igate fot boas 

h&a«t5«^i;{i. <3***«3rJfc>*Eb/No.K_tx* 
#*i.tffc6«tn. {BU. Ebtt. BERfe§j^lDBER(BER)o 

* y^s < M^r 5fc»©«^szj/t*y k x & * . 

CO (B E Rjo^fiif hC)RfeiSf . r4 

<t> {3 ^ t£ # * t«JDt4Cttt^i>. * ft # . 3r 3? 0) B E 
R&«J$-r*fcJt>tztt. y X A^ficr 4 t O lit . ^{g{3f-^ 

£ ft S * X . & « - * * ft . 9, 6 0 0 bp.(OJ3*&^^. 
7, 200bps. 4, 800bps. 2 . 400bps. 1. 
200b PS% 3St*<!>jg B.T ffiTSttS. (t,T. |g^*l±, y 
^*S:»«T*<fc -5 C;***ja©x*4>* ft*. V*<o*SSt 



?S«na 62-502932 (9) 

fcC0X$>£. t£ o X , S-^tV*/!/!*, ^ y 
■fey h2ftfcfi©t'y hftJ8S©5£7jL'''</L'Xfi&f$UX^&. * 

wjs»^y-rxfift^AXjH^sn, ^aasEfcMffisiiiKxismr^sx 

X ti . JBJaxSfc^JSrtJiciDfcay-fXco 

<7> X £ * . *3S«7A/^'J XAti. ^*>*/l'ft«ej*««(7> 
3Snira>:Kt4Apl:^> > * ^© « £ JS^T 4 ffl «S» If5 
;£ ifc x * . ^-<X£#r#;Fi$ — xfcij&stco 

© X . iS«©(±«ac03irjfSfc£t}*. g5 6 @ l± . * & # 7 ;t> =f 

sttiarnii. « a st s s « k *a ^ x ass * ft . & # t* * ^ w k 
fSoX^sarft*. 9ffiv>f x^^? K^t±3E«7 0x«*>sft 

©-»©St:«ffli/>f XMfi^WISUt^i. z. tifrZttVbnt- 
*>0V & Z . * It « ft »8 U . * 3fe 95 7 ;u =f y X 

AcoSBttW&SS^li, 1 9 6 B - a- h- ^.j. ¥H e , and 

Son S £iJJ£2>r««3I» A StSttt^* * ft {g (Information Theory 
And Reliable Uneunication) J t JBT 4^7^- (Gallagherjft 



CO * fit K i£ 6. ft t ^ 4 . 

* 5fc 35 ?S » t* , ft * CD a — K (±X^7 — tt!ECO*:aOC!)*>0>> 
ftffl^Xi£j&x* * £ x co -r — * co « ;* e i; O x S # ^ *t> £ 

K«ra^fi6fcS:&^®*903fc&QAM;£#fcJBv>xj£fg3ft*tt 

*3tS*<0:%*:#co^frTH_ ISScD^^l/^^tfJiSZ^flfci&lft 
j£j!fC^ffiy'<Xt/^^icat<bitftfiCQ«iili>'-fX7D7 ft 

wr«>»iSfti£ic«fflpi6gncta^i co *b # & » y ^x * t x * a . 
& x . fiawais^+^^/i/c^iy-fxi/^^icg-r-s 

S* x . St»-t*6#«tc«f!£x$>*. 
y x * . 

(1) geffi»;»^t^ffixx%aJSLttT»«DXT* 
Sir 5 ^ £ n J: »J afgffil: t; 4 i/ A ^ ^ X S StWT 4 . r 
ft * e> ft ft mtZt ?> z. CO ^ a -fe x ti , S5 4 @ ft # JH u P9 KS t> v> 



v» X St ff 2ft*. 

(2) ^KSifcMifcttJC^u. fe * * » fig £ (cctiStfiA 
K tt . 0. 2. 4. 5. 6 ft t* 8 tf y h ) <J5f-i' x U jt ^ K $: 
S^r4i:&3S4ttA L"<^SStffT 5. ^ ft l± . Ur JS CO B £ R 
#9 it I* . — / 1 0 0 , OOOfyhX-tt*©? — ? x 1/ ji 
> hfe^fit4(c^5?«i3^^«tjt l:i o t^ffiy-< Xt 3ft» 

te^^^-ifctOfcix&S. -ftfc<oft-**#ig*ifcU;. « « * « 
m * £ & ft . ;«)»fftfi<*ii&ftTP4, 

(3) gt»*nfcm5?CD2S««^U^>l/*»6. f - # x 1/ > > 

:ift£>©*&4»fc#iS£©«;oi/'*;i/tx. is re « s ft . at it s # 

fl(tai5Ltt>Sf-i''xl/^> ©f «4 2-Ctt»L 

*, X * * . 

(4) + y*yut^>^t, ^^tsfsa^u^^&i; 

EW<t2«52^7Af-y^tJg)at4. * ft & CO Jfc & tt t & g? 
(5> MBt:^$ <^4j!f»<t«^i:ffi,t±£xfy r4 © 

(6) «ffix*s«A#M&i*x. &miz*z < * zfttftt 

«;&£#UX#|ffiX**iX{S«;&ftSt&KJS£-r*. 
I«iffli:at*v4ftt8i±. * is - t- * > iff .^fAi;t;^ta 

js-r^^^jt-jr festfc-rt»oDXtt<ev^. 



N * N.-N, ■ P MP(N,~N,> 

0 0 

2 2 4 AP(0-2)=2/ f- v h 

42 12 KP(2-4)=4/fc* s, h 

51 19 BP(4-5) = 7/fc- v h 

6 1 29 NP(5-6) = 10/ t* y b 

& a a B. 

N * f*-N. P MPCN.-N.) 

O 0 

2 2 6 HP(0-2)=3/ fcf h 

42 1 8 HP<2-4)=6/fc" v h 

51 29 KP(4~5) = 11/ h 

61 44 «P(5-6) = 15/ fcT y h 

P. - P. 



M P ( N 4 ~ N .) 
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MttKf AC^-T **fc#***tf. fi«»fBati^j: 

e*h«NT#Jlit»±#i:x>3.K4ft4UI. «&tt A K 4, 
Btctifv h*'ffl»J^T^nT^4^tCDtiSSt4. M *. tf . 
N(fi)atfN(fB)tt. «K^-^ft«»UT^ft£n«5««» 
at Q 7J <fc y t >; i i» . 

NTSr2t*y h £ 1} iff T £> *!> H tt . f tV*^/A 

/l/At»ltMP(0~2)=2/e y K. ft>*^BUl,T 
MP(0~2)=3/lf y h-c ft ^^e.-Cfc*. * ivtt. is 7< ^ Lk 

2tT y ^jE»:«jDt5*^^tt, «38S»Al::»UTMP 
(2~4)=4/fc*v f-T£of + :/ * B II # UTMP(0~2) 

5^ jx ? A I* . 6*ffi0tt»tftis«Bi:Wy^T. 2 t* ^ K ^ - 



-fef a fc * * . 

u « to 11 » 1 ^«tjric^t^8fT5i 2 co ffl £ at £ 

L <& . C«t7 h^7AII. 0. 5dB©^.xy^-C^C;> hfS 

2) t *i U T v> & . C © fc X > £f 7 A tt . ft fi CD 3 ft U ^ /U * £ j£ 
*?EpJfi&<eSK2j>*.it*Er$*.6. 2 rt . ft ffl i?r f£ <r « 35 # )5l e 



S£ic, «IB^ri8«e«*tfj(*H-ftitai / ^^ M p (m 
P ( m n x+l)<5ffl#thtt»|»jaTUTP^^8«tlJ. 

ht±i 257-f ^db»?*4. -» r . ± » > r u > 

^^fiBttl28SV«»-C&4, E) « K . 5* fg F F T tt . 1024 

M*?v*'<*'K:tf. f A^BJBBT EST tc JE4F3-Atc#tf 

* 1 4 3 7 . 5Hx<D«tt»c£» C»lCt>*-<S>ir(ff^) ©x 



—10— 



gia)Mi>^(g*Xr;35 2C!)y^;Vif{6 9 (168 
7. 5 H z ) tt. — 5»H^^ria^^Jifi[*ajSr:-tf n cr> 

J2ffi^T r / t ll. B?H1 TESTK T Jg 1&1/JB2©^ ^ = > 

^«^©&ffllJt«f 4. SI fc 55 2 CD * 5 >4M*-^ratC2S 

1 A. V JR 2 CD if ■< i ^ if ii^ t± . * £ CDfctt #?ft£0D ^^.^ig 
Kfc*fc^iCffl#0'9fett*fi&*J&i<B;>*-C&& (2 5 0 7-{?D«> 
* jffl ) . 13Er?T. 2-D<D*YS>^^v:7;UG!>{££ffifcJfcttb-ei, 

TTEST&«iEr4:i:i:i »J. mntt 9 << 5 >f««STo£Bi£ 
T * d fc A* T S * . 

T»jg*ll5:tTfe4. i CD ft ffl i& HE , aswu. VF«S 

ttcoe£;ctx. »2sy«n£vMi**vja±if*a. sen. cicote 

ffl iS i£ t* , 4 KH iC0ffiffl^«cr>«^3&7?tt3fL, < JS <t "T & . 
JB8@l*. H tftft £ tt#T 5 tt *9 2£ gt fi: ft ft CD 

ft f . . f„.&i;f m i:3o<5Bf 9 0, 9 2X^94^)^$ 



3**18 62-502932(11) 

*t T n * . «S^T««)2-3©SE-5'xiRt;yili. 4- JB tt ft lift 
b * L ft # £ . ^«9 22fcl*9 4CD«3tti&CD«^fiD$fc**t±. *F 

ftffitf. ??H£CD4id>ttifiHfc*{3-§-9 4_fc«)JS2E^yi©5ttt 

*^^'J >'/T5i^n^fttfS*iift^t:ti. ^fe « tt ft ^ » tt 
5^»i5iS(0S^4f >^;^''t5^.nf . fft©zrff-/'; * e> co (3 

jtf > ^ U > £T 2 n 4 . 

BEffcof^-r^ti. <2 ?S « IE ( 3? <t ) OSSWSrffiv^rffiffl^ 

*RPSt±- Sfi««erf— K^H7*— h£ffl^-C3?{t(g» 
WCD&Jgttfc^fifcT^tiCO-rjfc*. 7^- - v^h*!J«9@tc 

Jit? Ivt 5 . 

»3BKin£KfcSiJ&H. /S3ffifcRfCD»i£aJf<Z> lt)t:«)RSlv6. 
C CD 05 "C t* . ga^B$rSTfl*tl2 8$'J»'-C. ft*<4*9ig|gTPH 
tfBS *;#-Cfc*i:<gSSn2». *f-KB*fiBife#tt. 1 36 5 y 
8>©£rffy^tS«)S. fiFJltf. SlflD&^llO (Xi) US 



-«>«ai^D-fe^^si oiat:3;a*vT^4. jsi o la n *; 
i&tf3S2«>3y-K^nfia{t^i i oat^i i 2 $ r * . 

3*>CDft#TJoy t f . K & IJ & ft # II . ft$C««T£^^T 

A*.®io@tz*ri>r. f,©«2«iik«i l 2tt. f.cossi 

CD f& 1 1 Otf5ffiffii:?]at4^l!8Toft©^B3To+TPH (S 

5 u 8? ) k # e tc si # T * . ; wi$i!3To+tphc i 2 8 ; y 
#©-*>^i;v^B5fa#Ba*&3Ens. t . f , cd £ k ^ x . - 
x , 0 m , # ^ > :/ u v£T s a * -tcDffi-ii-cDfctoco.e 5 ij^^sis 

X. CZ 0) T # flKfifc a *t 4 . f , CO Jg 2 ffi (yi) CD $9 

* t± . (xi) to&wnaiy&nn&mizz^-i:. 8 ^ y&«g 
t 16 £ C <c tx . 



■r 3 — K * n i . 

K-CJ&ftSh. & B 1 13a>4»^Ctt&«(*l 1 4 30f(St^^*i.-C 
JB1 1 B £ & T . ^^h^W = (xn. yn) tt. fntCfcM^ 

n. s«a* (3. 3> t^^fc^-fc^mi 1 3rtc»a. tt^*c. 

Wti. (3. 3) kfa-KSft6. 

«tT4gflt? K/UtOttBSrjfCffl-riti^lT'^i. jgl 2tc«v^ 
T. l-3©^F»3ad. £Jt. ^ETRC/^T. 1 1 5. 

116. 1 1 7»i;i 1 8®4-30ft|»i: j)« C *v 

-SI CO 4* . ti« frXttti v?f uv^^cit. 5k u 
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t ^**ict±, hfl*B«K<ttJ:,TttS 

****** *«ttttic 
» L. tO.ldBXtttl.O - ©■B#x5-« ttc «^i.T 

* « W It . Sic. I4ihfci(fl l j^ 0| ||| fe8a ,- 
I*. I <«*> &N Of-^^vKJig-p 



•9SRBB62-502932 (12) 



*i*T. itt|S 'J > ? ^«ffl«E(±^^ A B t ft. JS^^r 

ai*. AA<oa#t:iiyiB-r. *tab#«*r 

^xAA^jai^tt-i. 

-f>*-7x-rxi 2 ztf^aoy-^,^! 24ta«shx 

* * ffi « 4 8 feJtifiCOx-^ytX 1 2 4 fC-f >f-7x-f ^L,, 
n^o*s,*i 28tJ:,Tmi4iia. a - ? sr tt . 7 ^ d 



fi/'^I/0<>#-7i0122ti. »S*tf>* 2 5 fcT 
^ © R S 23 2ffi3*i>* t c$r r *** I ett 3!tRS 2 3 2tff?U^> 

& i£#f z/ 9 — 7x-rxf*4. 

«^«<tf i/'?;i/7*Diry^i 20tt. 7Kl^x/<xi35 
K»K2*vf:EayDt 7 ti28t. «dffl^»$yntytl 
30t. 3 2 K x l 6 HWJtlR AMify{/7r/» 1 3 2 t . 
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